shows four consecutive photographs of the deposition process. In this experiment, a nearly saturated solution of cupric sulfate (1.07 M) with a pH of 3.20 serves as the electrolyte. The first snapshot is taken a few seconds after the thin layer of cupric sulfate has flooded the entire surface of the passivated steel plate. It reveals two nucleation sites (upper edge of Figure 1a ) that have induced nearly circular deposition fronts. The induction time between the onset of the experiment and the actual nucleation varies with the copper concentration but is typically on the order of seconds. We observed that the sample edges are the preferred location for spontaneous nucleation. In additional experiments, we found that the position of the nucleation sites can be controlled externally by removing the oxide film mechanically prior to the deposition experiment. Figure 1b-d shows the subsequent evolution of the deposition fronts that eventually lead to plating of the entire sample. Under the given experimental conditions, the front velocity is 1.0 mm/s, but shows local deviations in the later stages of the deposition. These deviations induce bumpy, and sometimes blurred, front curves as seen in the right section of Figure 1d . The front has a characteristic black appearance and an estimated width of 1 mm. In its wake, the system gradually acquires the bright, reddish color of the copper deposit. The adherence of the copper to the substrate is typically very good. Nonetheless, prolonged exposure of the plated samples to the bath generates thick, dull deposits which are easily removed from the steel and reveal an attached black oxide layer. approximately 23 s, however, the front accelerates and loses its smoothness as the electrodeposition zone spreads leftward in the central region of the observation area. If the initial concentration of CuSO 4 is lowered to 25% (Figure 2b) , the phase of constantspeed propagation shortens to about 8 s. In this particular experiment, the subsequent plating process still occurs in a spatially distributed fashion but is only reminiscent of a self-propagating front. A further decrease in the concentration of copper sulfate leads to increasingly unstructured behavior.
For experimental conditions similar to those of Figures 1 and 2 , we adjusted the pH of the plating bath in the range from 2-4 by addition of H 2 SO 4 or NaOH and found no significant pHdependence of the front motion. Additional experiments were carried out to analyze the relative impact of cupric and sulfate ions on the spatio-temporal dynamics in this system. Figure 3 shows front overlays for experiments in which the concentration of sulfate was kept constant at 1.00 M by addition of sodium sulfate. A comparison of Figures 2b and 3a reveals that the addition of sodium sulfate prolongs the period of constant-speed propagation. Moreover, we find that the traveling fronts can exist at cupric ion concentrations as low as 25 mM (Figure 3b) .
Traveling fronts of copper deposition are also found for plating baths that involve copper(II) salts other than CuSO 4 . For example, we observed front propagation similar to Figure 1 using 1 M Cu-(NO 3 ) 2 solutions. These conditions require the presence of a small amount of chloride ions 13 within the plating bath (e.g., [NaCl] ) 10 mM) because the substrate is otherwise unsusceptible to the plating process. The addition of chloride induces the immediate nucleation of deposition fronts that propagate with velocities comparable to those observed in the case of CuSO 4 . However, the traveling fronts in these nitrate/chloride systems show no leading, black interface but rather the sudden appearance of the reddish copper deposit.
In conclusion, this study presents the first report of traveling fronts in the electroless copper deposition on a dissimilar metal substrate. Constant-speed fronts can exist for a period of up to 30 s. After that time, the passivation film breaks down rapidly and induces unstructured plating dynamics that affect large areas of the steel substrate in a short time. The latter behavior appears to be independent of spatial transport and/or coupling phenomena and is therefore of a phase-wavelike nature. In contrast, the initial fronts must involve an activating, short-range coupling process that accounts for their constant speed and overall dynamics. It seems likely that this coupling destabilizes or alters the passivation film in close vicinity to the front and consequently gives rise to the formation of the leading, black interface that contains copper oxide as a main constituent. The main copper deposition in the wake of the front is of minor importance for the front dynamics, which explains the insusceptibility of the velocity to changes in the cupric ion concentration. More investigations are needed to clarify the detailed reaction and coupling mechanisms that give rise to these surprising deposition fronts in one of chemistry's classic systems. 
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